The D/H, 18 O/ 16 O and 87 Sr/ 86 Sr ratios of the basaltic basement from the Leg 83 section of DSDP Hole 504B show that in that area the oceanic crust has experienced intensive but not pervasive alteration. Isotope ratios of the basalts are very heterogeneous because of an input of oxygen, hydrogen, and strontium from seawater. The hydrogen isotopic composition of many samples displays the complete thermal history of the water-rock interactions. High-temperature mineral formations (actinolites, epidotes, and chlorites) were overgrown by a mineralization at lower temperatures (mixedlayer smectites, iddingsites, and smectites) during successive stages of cooling of the oceanic crust by cold seawater. From 87 Sr/ 86 Sr data bulk water/rock ratios up to 5:1 have been calculated. There is evidence that some primary minerals like high-An plagioclases contain oxygen from altered basalts. We have discussed the probability that there existed a seawater/crust interface, now at a depth of 620 m sub-basement, during the high-temperature water/rock interactions. This interface was covered during later magmatism by thick flows, pillow lavas, and intrusives.
INTRODUCTION
The 5.9-m.y.-old basalts from Hole 504B have been substantially altered by seawater-rock interactions. Secondary minerals such as chlorite, mixed-layer minerals, actinolite, prehnite, epidote, and quartz formed at elevated temperatures, as did different zeolites, clay minerals, and iron-manganese oxides during the successive stages of cooling of the rocks. This interaction was not pervasive, and many primary minerals like high-An plagioclases, ortho-and clinopyroxene, and some magnetites of magmatic origin have been preserved (Alt et al., this volume) . Although some of these primary minerals and the glasses contain traces of oxygen, hydrogen, and strontium from seawater, probably by the assimilation of altered basalts Friedrichsen, 1977, 1979; Hoernes et al., 1978; Friedrichsen and Hoernes, 1980) , we still have a good estimate for the primary isotopic composition of these elements in the mantle differentiate.
It was the purpose of this chapter to obtain additional data on (a) the temperature of the water/rock interaction, and (b) the water /rock ratio during the various phases of these reactions. Stable isotope data can provide us with more detailed information on the thermal history of the hydrothermal convection cells and their dimensions. The thermal gradient in the borehole is in agreement with a conductive heat loss model. Therefore, it is assumed that water circulation has ceased in the vicinity of Hole 504B (Becker et al., this volume) .
EXPERIMENTAL METHODS

Oxygen and Hydrogen Isotopes
Sixty whole-rock samples and over 200 mineral separates were analyzed for their oxygen isotopic composition. Mineral separates were Anderson, R. N., Honnorez, J., Becker, K., et al., Init. Repts. DSDP, 83 : Washington (U.S. Govt. Printing Office).
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obtained by standard techniques (heavy liquids, magnetic separation, handpicking). They were identified by X-ray diffraction.
The silicates were treated with BrF 5 at 550° to 680°C for 12 to 36 hr. in nickel bombs; the oxygen released during that reaction was converted to CO 2 . The 18 O/ 16 O ratio of the CO 2 was measured with a McKinney-type mass spectrometer. Hydrogen was extracted at elevated temperatures as a mixture of H 2 and H 2 O, the water was reduced with uranium at 800° C, and hydrogen was sampled on activated charcoal at liquid nitrogen temperature. D/H measurements were carried out on a Nier-type mass spectrometer.
Isotope analyses on replicates in general yielded an analytical uncertainty of better than ± O.2%o on the δ 18 θ value and ±2%o of the δD value. The isotope data are reported as SMOW values.
Strontium Isotope Data
Splits of the whole rocks were crushed in a tungsten-carbide mortar, and 1 g of the sample was decomposed with HF and HNO 3 in a closed system vented by N 2 from liquid nitrogen. Strontium was extracted by standard ion-exchange methods (Dowex 50 × 8-400-cation exchange resin) and measured on three different MAT 261 solid source mass spectrometers by either single or dual filament technique. Typical errors (caused by inhomogeneities) are better than ± 0.0002 on replicates. The errors of a mass-spectrometric run were better than 0.00004. The methods will be given elsewhere in detail.
RESULTS
Results of the isotopic analyses are given in Table 1 .
Strontium Isotopes
Unaltered (Veizer and Compston, 1974; Burke et al., 1982) . temperature seawater-rock interactions do not significantly change the strontium budget of both phases; the black smoker fluids contain the same concentration of strontium as seawater . There is, however, evidence that low-temperature water-rock interactions yield a strontium increase in the basalt and Hs alteration products (Barrett and Friedrichsen, 1981) . From data on the 87 Sr/ 86 Sr ratio and Sr contents of the basalt, a reasonable estimate for water/rock ratios can-be calculated (for a detailed discussion, see McCulloch et al., 1981) . In Figure 1, Barrett and Friedrichsen, 1982 Sr ratio of the water had already become lower through previous water-rock interactions, the effective water/rock ratio is even higher. sion of the δD values). We observe the same trend in the sheeted dike complex of equivalent ophiolite sequences .
Oxygen Isotope Data
Whole-Rock Data
Mineral Data
We plotted the δ 18 θ values of plagioclase, pyroxene, and magnetite mineral separates versus sub-basementand sub-bottom depth (Fig. 3) . In the upper 600 m (subbasement) both pyroxenes and plagioclases are more uniform than in the lower section of Leg 83. Some magmatic plagioclase phenocrysts in the dikes are enriched in their δ 18 θ values, probably by assimilation of altered δ 18 O-rich rocks. These high δ 18 θ values of plagioclases have been mainly observed in plagiogranites .
Magnetite is more abundant in the lower part of the Leg 83 section, below 800 m sub-basement. Plagioclasemagnetite oxygen isotope fractionations as well as pyroxene-magnetite isotope fractionations yield a magmatic temperature of formation of between 1000 and 850°C.
In Figure 4 we plotted all δ 18 θ values of secondary minerals that could be separated by standard techniques (many fine-grained minerals of low-temperature origin could not be separated). sub-basement) are depleted, compared with the primary composition of the basalts. The low 18 O smectites with δ values of between + 2 and + 5%o are of high-temperature origin (>200°C). Some very low δ 18 θ values have been measured on epidotes (down to + O.2%o). They indicate a high water/rock ratio during formation, between 2 and 5. Heterogeneities are present even in the same mineral in two sample splits, suggesting that the fluid phase was not constant in its isotopic composition during the existence of the high-temperature hydrothermal fluid circulation. We suggest that many minerals are inhomogeneous in their oxygen isotopic composition.
Hydrogen Isotope Data
The isotopic composition of hydrogen in whole-rock splits shows an increase versus depth (Fig. 5) , from a mean value near 1 lθ%o at the upper surface of the basement to a mean value of -5O%o at the bottom of Hole 504B. Near 600 m sub-basement, a sharp increase from -85%o to -55%o was observed within a few meters. This suggests an increase of the formation temperature of the hydrous minerals. From 650 to 1075 m sub-basement we notice only a slight increase of the mean δD values. The δD values of the whole rocks are very inhomogeneous. The fine-grained minerals of the subsequent alteration at lower temperatures are much lower in their δD values-between -50 to -115%o (Fig. 6 ). These very low values are normally only found in sections with lowtemperature alteration reactions.
DISCUSSION AND CONCLUSIONS
Below 600-620 m sub-basement, we observe a tremendous change of the 87 Sr/ 86 Sr, the 18 O/ 16 O, and D/H isotope characteristics. The D and oxygen isotope wholerock values give evidence for a hydrothermal system which started at temperatures near 400°C. Water/rock interactions continued to temperatures as low as 50° C or even lower. Most of the secondary minerals were formed at elevated temperatures. Low δ 18 θ values of between 0 and +4%o for the secondary minerals, as well as high δD values up to -4O%o of the whole rocks, yield high temperatures of formation (400 to 200°C). But we observe very low δD values, to -115%o, in the fine-grained mineral portions and some δ 18 θ values in separated smectites. These are typical data for low-temperature water/rock interactions. Some smectites with low δ 18 θ values of between + 2%o and + 5%o suggest a high temperature of formation for this mineral too. The occurrence of smectite only, therefore, is not an indication of low-temperature water/rock interaction. It is difficult to Barrett and Friedrichsen, 1982) . get exact reaction temperatures from the δ 18 θ fractionations between mineral pairs. Many minerals are inhomogeneous in their oxygen isotopic composition, and there are probably few really cogenetic minerals (in oxygen isotopic equilibrium) in the whole section. The high 87 Sr/ 86 Sr ratios in the whole rocks suggest that the seawater present in these rocks had not been altered in its 87 Sr/ 86 Sr ratios, that is, had not intensively reacted with low 87 Sr/ 86 Sr rocks before it circulated into this part of the crust.
In our opinion this means that there existed, at or near 620 m sub-basement, a seawater acquifer system with the original high Sr composition. Probably the best explanation might be that there existed in this region near the ridge crest an old seawater/basalt interface and a hydrothermal circulation cell with the temperature history already noted that was active for a short time (10 to I0 3 yr.) and that was followed by additional magmatism with thick flows and intrusives (Legs 69 and 70 sections), and finally a reheating of the crust to the temperature profile that exists today. The higher manganese content below 620 m is evidence for a high oxidation potential during the time of hydrothermal circulation. Thus the formation of the stockwork mineralization can be easily explained by a temperature quenching of the fluids. Further data on the 87 Sr/ 86 Sr distribution in the different mineral generations will give us additional information on the 87 Sr/ 86 Sr variations during the existence of the hydrothermal circulation system. . δD SMOW values of the fine-grained minerals (δD b ; smectite and iddingsite cover on primary and high-temperature secondary minerals), indicating a low-temperature formation.
